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ABSTRACT 

This  report  provides  the  resiilts  of  a  test  program  conducted  on  the  Wind 
Measuring  Set,  AN/TMi-15-  The  program  was  conducted  to  meet  the  objectives  of 
testing  as  defined  in  AFR  and  specifically  to  determine  the  suitability 

of  the  AN/TMJ-15  as  a  tactical  wind  measuring  set.  The  test  program  was  con¬ 
ducted  separately  at  two  test  sites  to  provide  broader  coverage  of  testing. 

The  conclusion  is  reached  from  the  test  results,  that  in  its  present  con- 
flgviratlon,  the  AN/TM5-15  is  not  suitable  for  use  as  a  tactical  wind  measuring 
set.  Recommendations  for  engineering  modifications  to  provide  the  ruggedness 
and  flexibility  required  of  teuitlcal  equipment  are  Included  which,  when  incor¬ 
porated,  will  result  in  a  suitable  item. 
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1.1  Category  II  tests  were  conducted  to  determine  that  the  Wind  Meuurlng 
Set;  In  an  operational  environment;  meets  the  Category  II  objectives  as 
outlined  in  AIR  80-l4.  These  objectives  are  required  to  determine: 

a.  The  electrical  and  mechanlceuL  suitability  of  the  equipiaent  to 
perform  its  Intended  purpose. 

b.  The  extent  to  which  the  equipment  meets  mllltEuy  requirements 
particularly  with  respect  to  tactical  utilization. 

c.  Malntenemce  problems  end  supply  requirements;  including  euleqtucy 
of  AGE. 

d.  Eq;ilpment  effectiveness  when  used  under  operational  conditions 
In  an  operational  environment. 

e.  Equipment  reliability;  availability;  and  maintainability. 

f.  Htonan  Factors  requirements. 

g.  Electrical  characteristic  testing. 
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RESULTS.  CONCLUSIONS.  AMD  RECCMiEmTIONS 


2.1  Results 

Tests  on  the  AN/TM5-15  were  conducted  In  accordance  with  VBC  E-15> 

Appendix  J,  Category  I  and  II  Test  Plan  .for  Wind  Measuring  Set,  AN/TMi^-l^. 
The  results  of  the  test  program  reveeded  discrepancies  In  design,  described 
more  fvilly  below,  which  limit  the  usefulness  of  the  equipment  as  a  tactical 
wind  measiirlng  set . 


2.2  Conclusions 


2.2.1  The  cases  are  heavy  and  extremely  cumbersome.  The  case  contedning 
the  mast  assembly  is  dangerously  top  heavy  when  the  1000  feet  of  con¬ 
necting  cable  is  stored  In  Its  allocated  space  In  the  upper  section. 

2.2.2  The  position  of  the  electriced  connector  at  the  base  of  the  mast 
allows  the  entry  of  foreign  matter  into  the  socket.  This  creates  diffi¬ 
culties  In  field  use. 

2.2.3  The  corkscrew  anchors  are  nearly  Impossible  to  Insert  into  ft:ozen 
ground. 

2.2.4  Orientation  of  the  Direction  Sensor  Is  extremely  difficult  to 
retain,  since  the  adjvistment  must  be  made  with  the  mast  collapsed,  and 
there  Is  no  provision  for  retaining  alignment  \dien  the  mast  Is  extended. 

2.2.5  When  the  equipment  is  transported  over  rough  terrain  some  atdjust- 
ments  are  disturbed  and  recallbratlon  is  necesseury  before  full  operation 
can  be  achieved. 

2.2.6  "Play"  between  the  Wind  Direction  sensing  element  and  the  direction 
synchro  resvdted  in  poor  resolution  of  wind  direction  readings. 

2.2.7  The  Wind  Direction  Vane  Is  Insufficiently  dan^d,  resulting  in 
excessive  overshoot. 

2.2.8  The  bearing  sleeve  around  the  anemometer  shaft  eussesibly  has  a 
tendency  to  "Ice  up",  when  exposed  to  freezing  precipitation,  and  conse- 
quiently  inhibit  the  rotation  of  the  wind  speed  sensor. 

2.2.9  With  the  wind  direction  synchro  energized,  a  constant  reeuUng  is 
present  on  the  wind  speed  indicator.  This  Is  due  to  Inadequate  decoupling 
of  the  +12  volt  power  supply. 

2.2.10  The  guying  system  provided  for  securing  the  mast  Is  Ineulequate. 

The  top  of  the  mast  sways  substantially  In  gusty  winds,  thus  producing 
an  error  In  readings. 

2.2.11  No  provisions  have  been  made  for  leveling  the  mast  on  rough 
terrain.  Tripod  legs  are  not  rigid  enough. 
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2.2.12  Fasteners  which  sectire  the  lid  to  ceises  are  extremely  difficult 
to  snap  open  without  the  use  of  a  tool. 


2.3  Recommendatt ons 


2.3.1  The  amount  of  connecting  cable  stored  in  the  nast  assembly  case 
should  be  limited  to  100  feet  and  this  should  be  located  in  the  bottom  of 
the  case.  Additional  cable  should  be  stored  on  an  external  cable  reel. 
Handles  should  be  provided  on  the  lid  of  the  mast  assembly  cajnrying  cause. 

2.3.2  The  mast  connector  should  be  located  at  least  two  feet  above  the 
mast  base  and  should  be  provided  with  a  waterproof  boot.  Provision  should 
be  made  to  coll  slack  cable  outside  the  mast  when  it  is  lowered. 

2.3.3  Stakes  which  may  be  driven  into  the  ground  should  be  substituted 
for  the  screw  anchors. 

2.3.^  Orientation  of  the  Wind  Direction  Sensor  should  be  performed  when 
the  mast  is  extended.  This  could  be  acconqjllshed  by  providing  the  mast 
with  a  slot  and  key  arrangement  to  hold  mast  sections  in  alignment.  The 
wind  direction  sensor  transducer  case  and  cross  arm  should  also  index  in 
a  slot.  A  hole  could  be  provided,  through  the  mast,  which  would  receive 
a  circular  non-magnetlc  pipe  or  sighting  bar.  By  sighting  along  the 
sighting  bar  and  turning  the  entire  mast  assembly,  orientation  of  the 
sensor  cotild  be  achieved. 

2.3 >5  Con^jonents  reqtilrlng  adjustment  should  be  ruggedlzed  and  more 
adequate  packaging  shovild  be  provided  for  protection  egsdnst  vibration 
encountered  in  transportation  over  rough  terredn. 

2.3.6  The  slot  and  key  arrangement  between  the  Wind  Direction  sensor 
and  synchro  should  be  manufactured  to  closer  toleremce  and  maximum  "play" 
permitted  should  not  exceed  t0.05°. 

2.3.7  The  Wind  Direction  Vane  should  be  danqped  by  using  an  eddy  current 
disk  or  drag  cup  arrangement. 

2.3.8  The  problem  of  freezing  of  the  smemometer  shaft  bearing  sleeve  is 
difficult  to  solve  due  to  the  low  Internal  mass  of  the  Wind  Speed  Sensor. 
A  slight  amount  of  friction  resulting  from  frozen  moisture  will  euid  a 
considerable  drag  force  on  the  shaft.  However,  the  use  of  silicon  type 
oil  or  grease  as  a  regular  mEdntenance  procedure  would  eillevlate  the 
problem  to  some  degree. 

2.3.9  A  low  pass  filter  shoidd  be  used  in  the  power  supply  to  eliminate 
the  possibility  of  400  cycle  voltage  appearing  on  the  power  supply  output 
leads . 

2.3.10  A  double  set  of  guy  wires  should  be  provided  to  eliminate  mast 
sway. 


2. 3 >11  Tripod  legs  should  he  made  adjustable  In  length  to  provide  for 
leveling  assembly  In  rougd^  terrain.  Tripod  legs  should  also  be  Bade  more 
I  rigid.  The  ends  of  the  tripod  legs  should  be  provided  with  a  disk  to 

'  provide  support  In  loose  seuid. 

{2.3.12  Fasteners  with  a  handle  for  additional  leverage  should  be  pro¬ 
vided  on  case  lids. 

r  2.3.13  Redesign  should  be  accomplished  to  provide  accessible  test  points, 

}  more  orderly  Internal  layout  of  cabling  Euid  conductors  wd  to  provide 

^  better  access  to  cooqponents  to  meet  maintenance  requirements .  Proper 

^  Identification  of  wires  and  terminals  should  be  provided. 

i 

i 

I 

I 

I 

I 

I 


3.  IWrROIUCTION 


3.1  Scope 


This  report  presents  the  results  of  Category  II  tests  of  the  Wind  Measxiring 
Set,  AN/TMft-15  •  These  tests  were  performed  at  Westover  Air  Force  Baise, 
Chicopee  Falls,  Mass.;  L.  G.  Heuiscom  Field,  Bedford,  Mass.;  and  the  United 
Aircraft  Corporation  Pilot  Wind  Tunnel,  East  Hartford,  Conn.  These  tests 
were  conducted  in  accordance  with  report  number  WSC  E-I5,  Appendix  J, 
Category  I  and  II  Test  Plan  for  Wind  Measuring  Set,  AN/TM4-15. 


3.2  Test  Schediile 

Prior  to  field  testing  the  AN/TMJ-15  was  calibrated  in  the  UAC  Reseeurch 
Laboratory  Pilot  Wind  Tunnel.  Tests  were  conducted  on  Sept.  27,  1962  and 
Oct.  10,  1962.  Field  testing  conducted  at  Westover  AFB  eind  Hanscom  Field 
started  on  October  10,  I962  and  lasted  until  February  I5,  1963* 


3.3  Test  Objectives 


3.3*1  Category  II  tests  were  conducted  to  determine  Aether  the 
AN/TM5-15,  in  an  operational  environment,  meets  the  Category  II  test 
objectives  as  expressed  in  AFR  80-l4.  These  objectives  include: 


3. 3 *1*1  The  electrical  and  mechanical  capability  of  the  equipment  to 
meet  its  Intended  purpose. 

3.3. 1.2  The  extent  to  which  the  equipment  meets  military  reqxiirements . 

3.3.1  *3  Maintenance  problems  and  supply  requirements  lncl\idlng  adequsicy 
of  AGE. 

3.3.1.^  Effectiveness  -vdien  used  in  an  operational  environment  under 
operationeG.  conditions. 


3. 3. 1.5  Equipment  reliability,  availability,  and  maintainability. 

3 . 3 . 1 . 6  Human  factors  requirements . 

3. 3 *1.7  Electrical  characteristics. 


3.4  Test  Authorisation 

The  Category  II  tests  of  the  Wind  Measuring  Set,  AN/TM^-15«  were  carried 
out  in  partial  fulfillment  of  section  3*4.2  of  the  433L  Syston  Program 
authorized  by  Government  Contract  No.  AF  19(626)-l6.  Specific  cognizance 
of  this  program  is  vested  in  the  4334  System  Program  Office  (SPO), 

424  Trapelo  Road,  WeiLtham  ^4,  Mass. 
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It.  DESCRIPTION  OF  TEST  ITEM 


4.1  System  Description 

4.1.1  The  Wind  Measuring  Set,  AN/TM^-1^  Is  a  portable,  lightweight, 
transistorized  eqiilpment  used  to  measure  and  transmit  wind  speed  and 
direction  from  sensing  elements  to  a  remote  Indicator.  The  equipment 
consists  of  two  elements;  the  wind  speed  and  wind  direction  sensors 
moTUited  on  a  cross  arm  of  a  mast,  and  a  translator  and  power  supply  \inlt. 
The  system  Is  powered  by  self-contained  batteries  and/or  115  volt  50/6O 
cycle  line.  The  stated  SOR  requirement  Is  that  the  sensors  may  be  placed 
up  to  10,000  feet  from  the  translator-power  supply  \anlt,  and  will  operate 
up  to  five  readouts  through  field  telephone  wire,  with  no  requirement  for 
additional  amplifiers  or  degradation  of  accuracy. 

4.1.2  The  Wind  Measm-lng  Set  Is  composed  of  the  following  components: 

4. 1.2.1  Wind  Speed  Transmitter 


The  Wind  Speed  Transmitter  senses  wind  speed  by  means  of  an  InertleuLess 
transducer  driven  by  a  lightweight,  reinforced  plastic,  three -cup 
anemometer.  The  transducer  consists  of  a  perforated  disc  which  alter¬ 
nately  masks  and  exposes  a  photo-trasislstor  to  an  Incandescent  lamp; 
thus,  the  rotation  of  the  anemometer  Is  sensed  without  In^slng 
frictional  drag  on  the  movement  of  the  anemometer. 

4. 1.2. 1.1  The  photo-transistor  produces  a  pulse-type  signal  which 
is  fed  to  an  amplifier  contained  In  the  transmitter  housing.  This 
pulse  signal  Is  then  transmitted  to  the  translator  and  converted  to 
a  DC  analog  ctirrent  proportional  to  wind  speed. 

4. 1.2 .1.2  The  amplifier  unit  in  the  transmitter  housing  Is  of  solid- 
state  circuitry.  It  processes  the  signal  from  the  photo-transistor 
and  transmits  It,  by  meams  of  a  cedile,  to  the  translator  unit. 

4. 1.2. 1.3  The  perforated  disc,  photo-transistor,  light  source,  and 
an^llfler  Is  contained  In  a  weatherproof  housing  approximately 

3  Inches  In  diameter  and  6  Inches  In  length.  The  height  of  the 
over-all  unit  (anemometer,  housing,  and  rod  for  mounting  the  \mlt  on 
the  crossarm)  does  not  exceed  I6  Inches. 

4. 1.2. 1.4  The  following  are  the  wind  speed  tremsmltter  operating 
specifications: 


Ranges 

Threshold  Speed 
AccTiracy 

Wind  Speed  Distance  Constant 
Power  Required 
Transmitter  Output 


0  to  25  and  0  to  100  knots 
0.75  knots 

t  1.0^  of  true  speed  or  0.I5  knots, 
whichever  Is  greater 

Approximately  5  feet 

10.6  to  12.6  VDC,  4o  ma.  max.  current 

Pulse  aoQ>lltude:  0.5  millivolts 
Into  600  (duns. 
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4.1.2 .2  Wind  Direction  Transmitter 


4. 1.2 .2.1  The  Wind  Direction  Transmitter  senses  wind  direction  hy 
means  of  a  lightweight,  counterbalanced  plastic  vane,  coiq?led  to  an 
AC  selsyn  transmitter.  A  means  is  provided  for  aligning  this  sensor 
to  a  base  direction. 


4. 1.2. 2. 2  The  AC  selsyn  transmitter  senses  changes  in  direction. 

These  changes  are  transmitted  by  cable  to  the  Translator  unit . 

4. 1.2.2. 3  The  length  of  the  wind  vane,  including  the  counterba3.ance, 
is  approximately  13.0  inches.  The  diameter  of  the  transmitter  housing 
is  approximately  3  inches;  the  over-all  length  of  the  transmitter, 
including  the  vane,  is  less  than  I9.O  Inches. 


4. 1.2.2 .4  The  following  are 
specifications : 

Mechanical  Range 

Electrical  Range 

Accuracy 

Threshold  of  Operation 
Response 

Power 


the  Wind  Direction  Transmitter  operating 

Full  360°  range 
357°  minimum 

t  3.0° 

0.75  knots 

Damping  ratio  of  .3  with  less  than 
30^  overshoot^ 

10.6  to  12.6  VDC,  100  milliamperes 
maximum  current 


Transmitter  Output  3  line  signal  to  operate  an  AC  selsyn 

4. 1.2. 3  Translator  and  Power  Supply  Unit 

4. 1.2. 3.1  The  translator  and  power  supply  unit  produces  the  regulated 
power  required  by  the  wind  sensing  instruments  and,  in  ret\jrn,  re¬ 
ceives  their  output  signals .  This  \inlt  processes  these  signals  so 
that  they  will  be  suitable  for  presentation  to  the  system's  indicators 
and/or  recorders .  The  unit  employs  solid-state  circuitry  throughout 
and  is  powered  by  115  volt  50/6O  cycle  per  second  line  power  and/or 
self-contained  batteries . 


4. 1.2. 3. 2  Although  recorders  will  not  be  a  peurt  of  the  packaged  set, 
a  recorder  outlet  is  provided  on  the  Translator  Unit. 


ratio  of  .3  is  defined  as: 


2  TT  h 


logg 


Where  h  »  dasgplng  ratio;  xl,  x2  are  successive  anqplltudes  of  the  decay  curve 
on  the  same  side  of  the  final  deflection. 
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4. 1.2. 3 *3  Control  of  the  entire  system  Is  centered  In  the  Translator 
Unit.  The  front  panel  contains  the  necesseny  calibrating  controls, 
an  on-off  switch,  Indicating  meters  for  wind  direction  (in  tens  of 
degrees)  and  wind  speed  (in  knots),  and  a  range  selector  switch  by 
means  of  which  the  full-scale  range  of  the  system  can  be  chosen  to 
fit  the  prevailing  conditions .  Two  ranges  are  offered  by  the  latter 
switch:  0  to  25  and  0  to  100  knots. 

4. 1.2. 3. 4  The  following  are  the  translator-power  supply  operating 
specifications : 

Ranges : 

Wind  Speed  Two  selectable  reuiges,  0  to  25  and  0  to  100  knots 

Wind  Direction  0°  to  360° 

Accuracy: 

Wind  Speed  t  l.Ojt 

Wind  Direction  t  3-0°  (tranplator  and  transmitter  errors  taken 
together) 

Power  12  VDC  battery  pack  or  II5  volt  50/6O  cps  AC 

Dimensions  Approximately  8  x  I6  x  12  inches 


5.  TESTS  PERFORMED 


All  Category  II  tests  required  under  Annex  B  of  the  test  plan  were  conqpleted 
as  outlined.  Specific  coanments  on  each  of  these  tests  are  contained  In  Section  6 
of  this  report.  Samples  of  the  actual  records  kept  during  the  test  program  are 
presented  In  Figures  1  through  21. 


6.  DISCUSSION  OF  TESTS  AND  INTERFREIATION  OF  DATA 


6.1  Test  Description 

All  Category  II  tests  are  identified  by  a  nvanber  starting  with  J-200.  To 
distinguish  between  tests  at  Hanscom  Field  and  at  Westover,  all  tests  con¬ 
ducted  at  Westover  AFB  are  identified  by  the  suffix  W.  Since  some  tests 
were  repeated  at  both  stations,  tests  will  be  reported  for  each  station 
(i.e.,  tests  performed  at  Hanscom  and  tests  performed  at  Westover). 


6.2  Test  Documentation 


6.2.1  Manpower  Log  (Fig.  1) 

This  log  is  a  record  of  man  hours  expended  during  all  test,  modification, 
and  maintenance  efforts.  The  "REFERENCE"  column  shows  the  type  of  effort 
expended  in  addition  to  the  technical  order,  request,  or  reference  docu¬ 
ment  number  calling  for  this  effort.  This  log  also  shows  time  required 
to  perform  maintenance  analysis  and  the  time  for  Set-Up  and  Tear  Down  of 
the  equipment . 


6.2.2  Maintenance  Log  (Fig.  2) 

This  log  is  a  record  of  all  maintenance  euid  modification  efforts,  smd 
equipment  down  time.  This  log  is  organized  to  indicate  an  Individual 
component  record  for  the  equipment,  showing  the  date  of  maintenance  or 
modification,  the  time  the  equipment  went  out  of  service,  and  the  time 
the  equipment  was  put  back  in  service.  The  "REFERENCE?'  column  will  be 
noted  with  the  technical  order,  reqiiest,  or  reference  document  number, 
or  will  indicate  emergency  as  the  case  may  be,  in  euidition  to  the  type 
of  effort  (i.e.,  test,  maintenance,  modification)  that  is  required  to 
maintain  equipment  performance. 


6.2.3  Dally  Operational  Log  (Fig.  3) 

This  log  indicates  all  efforts  and  observations  not  covered  by  the  Man¬ 
power  or  Maintenance  Logs.  Entries  in  this  log  were  recorded  as  events 
occ\irred  and  began  with  the  completion  of  equipment  Installation. 


6.3  Calibration  Check  ( J-200) 

The  AN/TM^-1^,  Wind  Measuring  Set,  was  calibrated  in  the  UAC  Research 
Laboratory  Pilot  Wind  Tunnel  on  27  September  1962  and  10  October  1962. 
Several  nms  were  made  on  the  equipment  and  the  data  acquisition  Included: 

a.  True  Tunnel  Speed  versus  AN/TMi-15  Indicated  Speed  (see 
Figures  k,  5>  and  6) 


b .  AN/TMft-15  Speed  Sensor  RPM  versus  AN/TM5-15  Indicated  Speed 
(see  Figure  7) 

c.  Response  Time  of  AN/TM5-15  Anemometer  Cup  Assembly  (see  Figure  9) 

6.3- 1  From  examining  the  curves  of  Figures  4,  5,  and  6  no  reullcal  departure 
from  the  true  value  of  air  speed  is  observed.  Difficulty  vas  experienced 
in  reading  the  AN/TM^-I?  Wind  Speed  Indicator  and  the  Eput  count  (item  of 
test  equipment)  from  the  wind  speed  transducer  above  65  knots.  It  vas 
observed  that  the  AN/TM5-15  Wind  Speed  Indicator  was  fluctuating  approxi¬ 
mately  t2  knots;  a  similar  phenomenon  was  also  observed  on  the  Eput  meter. 
It  was  further  noted  that  at  65  to  80  knots  the  anemometer  cup  assembly 
did  not  track  smoothly  in  the  horizontal  plane.  This  is  probably  due  to 

a  slight  dynamic  unbalance  in  the  Euiemometer  cup  assemblies  which  pro¬ 
vided  a  wobbling  of  the  shaft  of  the  light  chopper  emd,  in  turn,  the 
production  of  unsteady  pulses.  This  phenomenon  explains  the  scatter  in 
data  shown  In  Fig.  8  at  speeds  above  65  knots. 

6.3- 2  The  response  time  of  the  anemometer  cup  assembly  and  optical- 
electrical  transducer  was  measured  by  inserting  a  Pulse  Rate  Integrator 
in  the  wind  speed  transmitter  line  and  feeding  the  signal  to  an  oscillo¬ 
scope  with  the  resultant  trace  recorded  by  a  camera.  See  Fig.  8  for  a 
cinrve  of  the  response  time  characteristic.  The  response  time  of  0.27 
seconds  shown  in  Figure  9  is  a  conservative  value  of  the  aerodynamic 
response  of  the  Anemometer  Cup  Assembly  since  slight  error  is  introduced 
by  the  response  of  the  Piilse  Rate  Integrator  used  to  convert  the  pulses 
to  an  analog  level. 


6.4  Initial  Inspection  Hanscom  Field  (j-20l) 


6.4.1  Physical  Inspection  (j-lOO) 

The  set  was  delivered  in  two  fibre  glass  carrying  cases  with  no  apparent 
damage. 


6.4.2  Uncrating  (j-101) 

No  directions  for  vincrating  were  available .  The  only  unusual  requirement 
noted  in  uncrating  was  that  the  handle  portions  of  the  latches  were  too 
small.  Some  could  not  be  opened  by  band  and  were  opened  by  using  a 
screwdriver  as  a  lever. 


6.4.3  Visual  Inspection  (j-102) 

No  packing  list  or  equipment  listing  vas  provided.  The  only  apparent 
damage  was  a  chipped  pleistic  cup  in  the  center  of  the  Wind  Direction 
Indicator.  This  chip  did  not  break  the  waterproof  seal  and  would  not 
catise  any  ill  effects. 


6 A. 3.1  The  following  items  were  received: 


a. 

Carrying  Case  (Translator) 

SN745 

b. 

Carrying  Case  (Mast) 

SN43 

c. 

Treuislat  or -Power  Supply 

AFCRL  Ident  250 

d. 

Direction  Sensor 

B&W3 

e . 

Speed  Sensor 

B&W785 

f. 

Vane 

sn1«d6 

g- 

Anemometer  Cups 

C23,  976,  D59,  D60 

h. 

Two  Spare  Batteries 

1. 

Mast 

J. 

Three  Gtiy  Wire  Assemblies 

k . 

Three  Stakes  (Screw  Type) 

1. 

Cross  Arm 

m. 

Cable -Translator  to  Mast 

n. 

Cable-AC  input 

0. 

Cable-External  Battery 

P- 

Cable-W.D.  Recorder 

q- 

Cable-W.S.  Recorder 

r . 

Three  Allen  wrenches,  with  Handles 

s . 

Nut  Driver 

t . 

Screw  Driver 

6.5  Equipment  Setup  (j-202) 

The  AN/TM5-15  sensors  were  installed  using  the  cable  svq?plied  approximately 
twenty  (20)  feet  from  the  AN/GM5-11  sensors.  The  Operator's  Manual  in¬ 
structions  are  adequate  for  setting  up  and  calibrating  the  eq\xlpiaent  with 
the  following  additions . 

a.  When  the  Mast  sections  are  being  extended  the  pins  should  be 
Inserted  and  then  the  upper  section  should  be  pulled  down 
slightly  to  be  sure  the  pins  are  seated. 

b.  The  Mast  to  Translator  Cable  should  be  colled  a  few  t\irns  at 
both  the  Translator  and  Mast  ends  to  help  prevent  any  strain 
on  the  cable  connectors  if  the  cable  is  accidently  snagged. 

6.5.1  The  Wind  Direction  Sensor  was  oriented  to  True  North  by  shooting 
the  sun  with  a  theodolite  emd  referencing  the  readings  to  the  Air  Almanac . 
A  fixed  reference  point  was  established  to  Eillow  the  set  to  be  taken 
down  and  set  up  again  without  having  to  use  the  theodolite  each  time. 

The  only  discrepancies  that  were  noted  during  the  equipment  setup  were 
as  follows: 

a.  One  snap  hook  was  hard  to  put  on  the  screw  anchor.  This  was 
corrected  by  filing  out  the  hook. 

b.  The  "sight  bar"  on  the  Wind  Direction  Sensor  is  too  wide 
(3/16  inch)  to  orient  the  sensor  accurately. 

c .  The  handles  on  the  carrying  case  latches  are  very  hard  to  open 
by  hand. 


6.6  Accuracy  Check  (j-203) 


The  AN/rM3-ll  used  in  this  compeurison  test  was  calibrated  by  the  Field 
Maintenance  Shop,  Detachment  37>  8th  Weather  Group.  The  AN/TM5-15  was 
placed  approximately  20  feet  from  the  AN/GM^-II  during  data  acquisition 
periods .  Comparison  readings  were  taken  at  15  second  Intervals  for 
12  l/2  minute  periods.  The  average  error  of  100  readings  taken  with  the 
AN/TM5-15  and  compared  with  the  AN/GM3-11  was  3.81  degrees  in  azimuth,  and 
0.11  knots  in  speed.  Figures  10  through  13  illustrate  the  data  recorded 
during  the  comparison  tests.  The  deviation  of  the  readings  of  the  two  wind 
measuring  sets  can  be  explained  as  follows: 

6.6.1  A  slight  error  is  introduced  in  the  manual  recording  of  data, 
becaiise  the  parameters  of  wind  speed  and  direction  cannot  be  correlated 
exactly  in  time  between  the  AN/GM3-11  and  the  AN/TM5-15. 

6.6.2  The  moment  of  inertia  of  the  AM/TM5-15  wind  speed  and  direction 
sensors  is  less  than  that  of  the  AN/GMft-11.  Under  gusty  wind  conditions 
the  devices  under  Lest  will  have  a  different  aerodynamic  response  and 
damping  coefficient;  therefore  a  slight  error  would  be  introduced  in 
attempting  to  take  comparative  readings. 

6.6.3  Each  device  has  slight  calibration  error  in  that  they  depeutt  to 
some  extent  from  indicating  true  wind  speed  and  direction. 

6.6.4  During  the  early  phase  of  the  comparison  tests  difficulties  were 
experienced  with  the  AN/TM5-15  in  the  following  areas . 

6. 6. 4.1  It  was  observed  that  there  was  about  5  degrees  of  play  between 
the  wind  vane  and  the  synchro  shaft.  Test  results  on  the  static  ac¬ 
curacy  of  the  Wind  Direction  Vane  as  illustrated  in  Figure  l4  shows  an 
over-all  average  error  of  +0.2  degrees  when  the  vane  was  rotated  uni¬ 
formly  in  the  Clockwise  (CW)  and  Counterclockwise  (CCW)  direction. 

The  highest  individual  error  of  66  readings  was  3.5  degrees.  When  the 
vane  was  moved  a  few  degrees  beyond  the  desired  point  and  brought  back, 
the  average  error  was  2.86  degrees,  and  the  highest  individual  error 
was  6.5  degrees  (see  Fig.  15).  The  reason  for  the  5  degree  play 
between  the  Wind  Vane  and  the  synchro  shaft  was  that  the  Vane  aligning 
slot  is  too  large  Eind/or  the  sprliig  clip  is  too  small.  This  WEis 
remedied  by  bending  the  spring  clip  to  provide  contact  with  both  sides 
of  the  slot.  With  the  correction  made  and  a  re-run  of  static  acciaracy 
data  the  following  results  were  obtained. 

a.  When  the  vane  was  rotated  uniformly  the  average  error  was 

0.l6  degrees  and  the  highest  error  was  2.0  degrees  (see  Fig.  16) . 

b.  When  the  vane  was  moved  beyond  the  desired  point  €Uid  brought 
back  the  average  error  was  0.86  degrees  and  the  maximum  error 
was  3  degrees  (see  Fig.  17). 

6. 6. 4. 2  The  AN/TM5-15  400  Cycle  Oscillator  (Synchro  Excitation)  was 
generating  ripple  on  the  +12  volt  power  lead.  The  12  volt  power  leeid 
supplies  the  power  in  the  light  chopper  in  the  wind  speed  sensor  head. 
The  ripple  was  amplified  by  the  light  chopper  an^llfler  and  sent  back 
to  the  wind  trcuislator  as  a  normal  wind  speed  signal.  The  ripple  was 
eliminated  by  decoupling  the  +12  volt  power  supply. 
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6.7  Tactical  Capability  (j-204) 

The  AN/TMii-13  vas  disassembled  at  an  avereige  Interval  of  6  days^  and 
transported  over  smooth,  fair  and  poor  roads  and  cross-country.  The 
equipment  was  set  up  after  each  trip  with  little  apparent  physical  damage 
to  sujy  petrt.  In  some  cases,  however,  calibration  was  off  slightly.  During 
one  Instance  It  was  noted  that  the  wind  speed  Indicator  vaa  not  working. 
Investigation  revealed  that  two  leads  were  opened  at  the  plug  on  the  mast 
end  of  the  translator -mast  cable.  Since  this  type  failure  coiild  easily 
occ\ir  In  the  field  due  to  people  tripping  over  the  cable.  It  Is  recommended 
that  the  cable  be  fastened  to  the  mast  and  to  the  translator  case  by  means 
of  a  spring  type  clamp. 


6.8  Westover  AFB 


6.8.1  Initial  Inspection  (J-201W) 


6. 8. 1.1  Physical  Inspection  (j-lOOW) 

The  equipment  was  received  from  Hanscom  Field  via  AF  truck  on  J  Decemiber 
1962.  The  Air  P.elief  Valve  on  the  carrying  case  containing  the  mast 
assembly  was  bent.  No  other  external  damage  to  the  cases  was  observed 
except  minor  abrasions  on  the  carrying  cases . 


6. 8. 1.2  Uncrating  (J-IOIW) 

No  uncrating  instructions  or  packing  list  were  received  with  the  equip¬ 
ment.  The  carrying  case  latches  are  extremely  difficult  to  open  by  hand. 


6. 8. 1.3  Visual  Inspection  (J-102W) 

a.  All  items  listed  in  peu:agraph  6.4.3.!  were  received  at  Westover. 

b.  The  following  discrepancies  were  noted  when  the  equipment  was 
unpacked: 


1.  Plastic  cap  on  Wind  Direction  Indicator  chipped. 

2.  Mast  assembly  was  In  very  poor  condition. 

3.  Spring  clips  on  mast  had  nmted  and  lost  elasticity. 

4.  Clips  must  be  tied  down  with  string  in  order  to  extend  mast. 

5.  Legs  of  tripod  were  bent. 

6. 8. 1.4  Test  Setup  (J-202W) 

During  the  test  the  following  dlscrepemcles  were  noted: 

a.  The  AN/TMi-15  was  first  installed  in  the  vicinity  of  the  MEhTOO 
Building.  The  soil  in  this  area  Is  fairly  level  and  consists 
mostly  of  sand.  Considerable  difficulty  wsus  encountered  In  the 
installation  of  the  mast  due  to  Inability  to  secure  the  g\xy  wire 
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anchors  firmly  In  the  sandy  soil.  The  tripod  legs  would  sink  in 
the  ground  placing  the  entire ^weight  of  the  mast  on  the  base 
plate.  The  bottom  of  the  mast  would  tend  to  dig  in  eus  tension 
was  applied  to  the  guy  wires  which  resulted  in  the  cable  con¬ 
nector  at  the  base  of  the  mast  becoming  filled  with  dirt.  The 
Treuislat or -Power  Supply  was  operated  from  115  volts,  ac,  base 
power  for  approximately  two  weeks.  During  this  interved  the  Wind 
Direction  Recorder  Output  Synchro-Potentiometer  became  inoperative 
due  to  failure  of  the  spring  coupling  between  the  shaft  of  the 
synchro  and  the  shaft  of  the  potentiometer.  This  failure  vas 
first  detected  on  27  December  I962. 

b.  The  mast  assembly  was  dismantled  on  28  December  I962  to  permit 
testing  of  the  synchro-potentiometer  assembly.  It  was  extremely 
difficult  to  remove  the  corkscrew  type  guy  wire  anchors  from  the 
frozen  soil.  It  had  also  snowed  during  the  interveil  that  the 
AN/TMi-15  was  operating  and  the  cable  connector  at  the  base  of 
the  mast  had  been  covered  with  snow.  The  clips  for  attaching  the 
guy  wires  to  the  mast  and  anchors  had  also  collected  moisture 
which  had  frozen,  making  removal  extremely  difficixlt. 

c .  The  AN/TMJ-15  was  re-installed  in  a  new  location  in  the  vicinity 
of  the  METRO  Building  on  22  January  I963  with  the  Wind  Direction 
Recorder  output  remaining  inoperative.  The  mast  assembly  could 
not  be  erected  utilizing  the  corkscrew  type  guy  anchors  as  they 
co\ild  not  be  inserted  in  the  frozen  soil.  It  was  necessary  to 
fabricate  three  anchors  from  steel  rod  and  eye-bolts  in  order  to 
complete  the  installation. 

d.  On  4  February  1963  it  was  observed  that  the  Wind  Speed  sensor  weis 
not  rotating  although  winds  as  high  eis  fifteen  knots  were  being 
recorded  by  the  AN/GM3-11.  The  sensor  was  removed  from  the  mast 
and  upon  examination  it  was  found  that  moisture  had  collected  in 
the  sleeve  surrounding  the  chopper  shaft  EUid  had  frozen  the  shaft 
to  the  sleeve.  Average  temperatiu:e  for  the  previous  eight  hours 
WEIS  -10°  F.  The  assembly  was  dried  for  approximately  one  hour 
with  a  stream  of  hot  air.  The  sensor  could  not  be  diseissembled 
Euid  dried  as  one  of  the  4-4o  Allen  set  screws  securing  the  shaft 
WEIS  stripped  and  could  not  be  removed  without  the  possibility  of 
damage  to  the  shaft.  The  sensor  was  re-instEdled  on  the  nast 
assembly  suid  remained  operational  for  approximately  two  hours 
when  freezing  rec\irred.  The  temperature  was  approximately  20°  P 
at  this  time .  The  sensor  rema1 ned  inoperative  overnight,  but  re¬ 
sumed  nomal  operation  the  next  morning  ^en  the  teii^rat\ire  rose 
above  32°  F. 

e .  The  mast  weis  disassembled  on  6  February  1963  and  the  equipment 
installed  near  the  AN/GM3-11  on  Runway  05 .  The  fEu:llltles  for 
orientation  can  only  be  Eu;c(inpllshed  with  the  nast  collapsed  and 
there  is  no  provision  for  locking  the  mast  sections  so  that  rota¬ 
tion  does  not  occur  when  the  nast  is  extended  to  its  normal 
operating  position. 
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f .  New  batteries  were  Installed  just  prior  to  the  installation  of  the 
Wind  Set  and  the  equipment  operated  from  the  Internal  supply.  The 
batteries  are  difficult  to  Install  in  the  Translator-Power  Supply 
especially  dvtring  the  installation  in  the  field.  The  exposed  ter¬ 
minals  of  the  batteries  can  be  easily  shorted  to  the  case  with  the 
resultant  reduction  in  life  expectancy. 


6. 8. 1.5  Accuracy  Check  (j-203W) 

The  AN/TMi-15  was  Installed  in  the  vicinity  of  the  AN/GM^-II  on  Runway 
05  at  1500,  6  February  1963-  Installation  problems  are  noted  in  the 
report  for  Test  Nuinber  J-202W.  The  Wind  Direction  Recorder  output  was 
transmitted  to  the  MEJTRO  Building  via  an  existing  telephone  line  between 
the  AN/GM5-11  and  the  METRO  Building.  The  output  was  connected  to  a 
single-pen  Esterline-Angus  recorder  operating  at  a  chart  speed  of  six 
inches  per  hoiir.  The  AN/GM^-H  was  connected  to  an  RO-2  Wind  Recorder 
operating  at  six  inches  per  hour.  Calibration  of  the  Recorder  output 
of  the  Translator -Power  Stq)ply  requires  that  voice  communication  be¬ 
tween  the  Translator -Power  Supply  and  the  Recorder  be  established. 

This  requires  an  additional  phone  line  or  radio  communication.  The 
adjustment  of  the  Wind  Direction  zero  and  full-scale  controls  is 
extremely  critical  and  can  easily  be  disturbed  by  vibrations  encovuitered 
in  the  rtinway  area. 


6. 8. 1.6  Tactical  Capability  (j-204w) 

Extreme  difficulties  were  encountered  in  erecting  and  disassembling 
the  eqiiipment  on  frozen  ground.  These  difficulties  are  dociunented  in 
Test  Setup  (J-202W). 


6. 8. 1.7  Power  Supply  Check  (J-205W) 

With  122  volts  AC  applied  (nominal  voltage  in  MEHRO  Building)  to  the 
AN/TMi-15,  the  dc  output  was  12  volts  measiared  at  point  IR  12  P  5R* 
There  are  two  voltages  supplied  from  the  internal  battery  supply;  one 
which  is  nominally  +12  volts  and  is  connected  to  the  chopper  of  the 
Speed  Sensor  and  is  supplied  from  a  single  SR-2817  battery  and  a  second 
supply  which  is  nominally  +12  volts,  regulated  to  +9  volts  vrtilch  sup¬ 
plies  the  power  for  the  Translator.  The  former  is  identified  as 
in  the  following  table,  and  the  latter  as  E^. 

TABLE  I 

Voltage  vs.  Time  of  Operation 


Time  of 


Date 

Measurement 

El 

% 

Battery  Test 

Elapsed  Time 

voxts 

volts 

Kts 

hours 

2-6-63 

1500 

13.25 

13.25 

4o 

— 

2-6-63 

1630 

13.25 

13 .20 

40 

1.5 

2-7-63 

0800 

13.20 

12.30 

35 

17.0 

2-7-63 

1630 

13.00 

12.25 

36 

25.5 

2-8-63 

1200 

12.90 

8.30 

24 

45 .0 

2-8-63 

1630 

12.60 

8.40 

25 

49.5 

2-11-63 

0800 

13.00 

8.50 

28 

113.0 
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The  recorder  output  weis  found  to  be  unusable  due  to  low  output  at  1200 
on  8  February  1963.  Variations  in  the  voltage  reeidlngs  obtained  are 
probably  due  to  changes  in  temperature.  Temperatures  during  this  period 
of  operation  ranged  from  10®  F  to  ^*2°  F.  The  battery  check  circuit  only 
checks  battery  the  power  for  the  translator.  The  above  table  lll\is- 
trates  that  the  translator  battery  supply  was  useful  for  a  period  of 
1+5  hours  between  the  temperatxjre  range  of  10°  F  to  1*2°  F.  The  life  of 
the  batteries  would  be  decreased  at  lower  temperatures .  Consideration 
should  be  given  to  substitution  of  standard  batteries  in  place  of  the 
Mallory  SR -2817  battery.  The  Mallory  battery  is  a  special  order  item, 
costing  $1+2.00  per  unit,  with  four  imits  required.  As  indicated  previ¬ 
ously,  limited  life  (1+5  hours)  is  obtained  under  low  temperature 
conditions . 


6.9  Reliability  and  Maintainability  Analyses 

6.9.1  General  Discussion 

The  Category  II  Tests  performed  on  the  AN/TM5-15,  Tactical  Wind  Measuring 
Set,  at  the  Hanscom  and  Westover  1+33L  Test  Installations,  extended  over 
the  period  10  November  I962  to  15  February  1963.  Based  upon  the  perform¬ 
ance  and  reliability  data  obtained  and  analyzed  in  the  course  of  Cate¬ 
gory  II  testing,  it  has  been  concluded  that  the  Wind  Measuring  Set 
represents  a  reasonable  approach  for  tactical  wind  speed  and  wind 
direction  equiipment.  However,  the  use  of  the  Wind  Measuring  Set,  as 
presently  fabricated,  is  not  recommended  primarily  because  of  its  poor 
maintainability  characteristics  in  the  Translator-Power  Supply  Unit,  and 
the  poor  quality  of  the  mast  which  would  not  be  able  to  wlthstemd  the 
expected  tactical  environment. 


6.9 .1.1  Data  Collection 

The  basic  means  for  obtaining  the  reliability-maintainability  data 
during  the  Category  II  tests  of  the  AN/TMi-15  was  the  WSC  Operational 
Trouble  and  Maintenance  (0T8M)  Report  (refer  to  Figure  I8  for  sample 
form) .  Other  test  records  and  reports  as  well  as  narrative  progress 
reports  maintained  throughout  the  tests,  provided  supplementary  data. 
Personnel  interviews  with  test  personnel,  particularly  in  regard  to 
maintainability,  supplied  further  information. 


6. 9. 1.2  Definitions 

The  following  reliability  term  definitions  will  eisslst  in  understanding 
subsequent  reliability  discussions: 

a.  Availability  (A)  -  Ave+ilablUty  is  the  percentage  of  total  time 
(operating  plus  downtime),  that  an  equipment  is  Mtually  operable, 
or  alternately,  it  is  the  probability  that  an  equipment  will  be 
available  for  use  at  any  given  instemt. 

A  *  - _ where  T  »  Mean-time -between-f allures 

^  ^D  f  j)  ■  Mean-downtime -between-f  allures 
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b.  Dovmtlme  (D)  -  Dovmtlme  is  defined  ae  the  number  of  calendar  hours 
that  the  equipaent  Is  not  available  for  vise.  It  Includes  all 
active  maintenance  downtime,  both  preventive  and  corrective.  Re¬ 
pair  delay  time  Is  not  considered. 

c.  Failure  Rate  (F)  -  Failure  rate  Is  defined  for  a  particular  Interval 
as  the  average  number  of  failures  occvurlng  per  vinlt  time  In  that 
Interval.  It  Is  assumed  that  the  failure  rate  Is  constant  during 
the  useful  life  of  the  equipment  and,  therefore,  Is  equed.  to  the 
reciprocal  of  the  MTBF. 

d.  Meeui-Downtlme -Betveen-Fal lures  (5jj)  -  Mean-Downtime -Between- 
Fallvu'es  Is  simply  the  mean  or  average_of  the  downtime  hours  during 
periods  between  successive  failures .  Tjj  may  be  used  as  a  quanti¬ 
tative  expression  for  maintainability. 

e.  Me  an -Time  -Betveen-Fal  lures  (T  or  MEBF)  -  The  MTBF  for  a  particular 
equipment  in  a  given  time  interval  Is  the  mean  value  of  the  oper¬ 
ating  periods  between  all  failures  occurring  in  that  equlpnent 
dvirlng  that  interval.  It  is  assumed  that  the  MTBF  will  remain 
constant  during  the  visefvil  life  of  the  equipment.  The  mean  oper¬ 
ating  time  between  Independent  failures  is  used  as  an  index  of 
the  reliability  of  the  equipment. 

f .  Random  Catastrophic  Failure  -  An  unpredictable,  sudden  change  in 
the  operating  characteristics  of  material  resulting  In  a  complete 
lack  of  useful  performance. 


6.9.2  Mean-Time -Betveen-Fallures 

Before  any  test  data  weis  evaluated,  a  prediction  of  the  MEBF  was  made  for 
the  AN/TM3-I5  using  stsindard  reliability  estimating  techniques  euid  the 
best  available  reference  material.  The  predicted  MTBF  was  calculated  to 
be  approximately  3700  hours  based  upon  the  available  technical  Information. 

Prior  to  the  start  of  Category  II  Tests,  the  AK/TMCI-15  was  subjected  to 
Category  I  Tests  vinder  GRD  cognizance  (Reference  a,  Cat.  I  Test  Report). 
Since  an  electronic  equipment  generally  exhibits  a  relatively  constant 
failvire  rate  over  the  useful  life  (after  debugging  and  before  wearout), 
the  operation  of  the  equipment  during  the  time  prior  to  Category  II  Tests 
should  not  have  a  detrimental  effect  on  the  reliability  vedues  derived 
from  the  test  data. 

In  the  course  of  testing  at  HEuiscom  and  Westover,  a  total  of  9^6.^  hours 
of  reliable  operation  were  accumulated  on  the  AN/TMli-15.  Reference  to 
the  Operational  Trovible  and  Malnteneuice  (OTSiM)  Report  Summary  Sheet 
(Figure  18)  shows  that  of  the  eighteen  OT&M  Reports  received,  no  relevant 
(catastrophic)  failures  occurred  in  the  course  of  testing.  It  must  be 
noted  that  malfunctions  cavised  by  or  due  to  human  error  and  manuf eu:turer '  s 
defects  are  not  classified  as  catastrophic  fallvires .  Further  details 
regarding  the  OTStM  Reports  submitted  during  the  test  period  can  be  found 
In  subsequent  paragraphs. 
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Anedysls  of  experimental  data  from  the  Category  II  Tests  indicates  the 
MTBF  of  the  AN/TMIi-lS  to  be  in  excess  ^of  956.5  hours,  but  due  to  the  lack 
of  sufficient  operating  time  accumulate^'  during  Category  II  Tests,  it  is 
impossible  to  express  this  figure  with  amy  degree  of  confidence.  Based 
on  the  predicted  3700  hours  MIBF  valiie  and  using  a  one-sided  Chi  Square 
Distribution,  it  can  be  shown  that  in  order  to  demonstrate  an  MTBF  of 
3700  hours  with  90^  confidence,  the  necessary  amount  of  test  time  would 
be  approximately  85OO  hours  with  a  maximum  of  only  one  fed. lure  edlowable 
during  this  period.  This  amount  of  test  time  would  be  intpractlced  to 
demonstrate  due  to  cost  and  time  limitations  Inherent  in  the  433I<  Program. 
It  is  anticipated  that  if  the  equipnent  were  re-engineered  with  the 
recommended  Isqirovements  Isqilemented  as  contedned  in  this  section,  a  high 
MTBF  value  co\ild  be  realized.  This  is  sissianlng  that  under  normal  opera¬ 
tion  a  good  preventive  maintenance  program  will  be  followed. 


6. 9. 2.1  Factors  for  Increasing  Reliability 

6. 9. 2. 1.1  As  shown  by  OT&M  Reports  #101  and  #106,  two  incidents  were 
reported  in  which  defective  synchros  provided  unsatisfactory  opera¬ 
tion.  In  the  first  case  the  synchro  movement  was  unstable  thus 
causing  the  wind  direction  indicator  dial  to  fluctuate  accordingly. 
This  synchro  was  subsequently  replaced,  but  the  replacement  synchro 
was  also  defective  (bearings).  It  is,  therefore,  recommended  that 
for  Increased  operational  reliability,  tighter  quality  control  re¬ 
quirements  be  Inqsosed  on  vendors  supplying  the  parts  used  in  the 
AN/TM5-15  as  it  is  quite  likely  that  inferior  peurts  other  thsm  the 
synchros  are  contained  in  the  equipment.  It  is  also  recommended  that 
all  parts  utilized  be  military  approved  rather  thsun  commercial  grade 
items.  These  changes  could  probably  have  a  substEUitlal  effect  on 
the  equipment  and  function  reliability. 

6. 9. 2. 1.2  The  guying  eussembly  provided  for  seciurlng  the  mast  is 
Inadequate,  especially  in  gusty  winds.  The  top  of  the  mast  sways 
substantially,  thus  producing  an  error  in  readings .  A  double  set  of 
guy  wires  may  be  necessary  if  dependable  operation  is  to  be  achieved. 

6. 9. 2. 1.3  It  has  been  reported  (see  Figure  I5)  that  the  0-1  ma 
recorder  output  synchro  potentiometer  assembly  in  its  present  con- 
flgiiratlon  is  a  problem  area.  The  synchro  which  is  attached  to  the 
shaft  of  the  potentiometer  by  a  coil-spring  coupling  can,  through 
Inqiroper  alignment,  produce  insufficient  torque  output  for  proper 
operation.  (One  way  to  destroy  alignment  is  by  hitting  the  synchro 
with  hand  or  tool.)  A  replacement  of  the  synchro-pot  eusembly  by  a 
more  rugged  system  is  necessary  if  reliable  operation  is  to  be 
reedlzed. 

6. 9.2. 1.4  On  three  occasions  during  the  Category  II  testing  (refer¬ 
ence  OT&M  #s  309,  310  and  317)  the  wind  speed  and  wind  direction 
sensors  became  inoperative.  Examination  of  the  sensors  revealed  that 
moist\ire  had  entered  the  sensors  and  consequently  froze  during 
periods  of  low  tenqperatures .  If  reliable  oP^z'a'tion  is  to  be  achieved, 
it  is  l]iq)eratlve,  therefore,  that  the  sensors  be  examined  for  possible 
elimination  of  further  occurrences  of  this  type  in  the  production 
model. 
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6.9-3  Maintainability 


Another  Importeuit  factor  considered  In  the  eveLLuatlon  of  an  equipment  Is 
the  speed  and  ease  with  which  the  equipment  can  be  returned  to  service 
once  a  failure  occurs,  and/or  preventive  maintenance  can  be  performed. 

One  way  to  measure  this  Is  In  terms  of  mean-downtime -between  falliires  (Tq)  . 
Actual  downtime  data  was,  for  the  most  peurt,  Insiifflclent  for  an  euscurate 
plct\are  of  what  a  maintenance  man  might  realize  In  a  tactlced  type  en¬ 
vironment.  Bvrt,  from  the  conclusions  drawn  from  the  maintainability 
review  conducted  at  the  Westover  Test  Site,  It  appears  that  the  AK/TM4-15, 
In  particular  the  Treuislator-Power  Supply  Unit,  Is  extremely  difficult  to 
maintain.  The  evaluation  of  the  data  confirmed  many  of  the  earlier  main¬ 
tainability  problem  areas  noted  In  the  Category  I  Test  Report  and  the 
progress  reports  received  from  the  Hanscom  and  Westover  Test  Sites.  The 
following  subparagraphs  discuss  the  reconmended  Improvements  which  should 
be  Incorporated  In  the  production  version. 


6. 9. 3.1  Factors  for  Increasing  Maintainability 


6. 9. 3.1-1  Translator  -  Power  Supply  Unit 

6. 9. 3. 1.1.1  To  eliminate  the  possibility  of  the  equipment  operator 
accidently  misaligning  the  adjustment  controls,  provision  for  these 
controls  to  be  located  under  em  access  door  Is  necessary.  The 
present  screw  type  cap  over  two  of  the  adjustment  controls  also 
results  in  longer  adjustment  time  expended  than  woxild  be  required 
if  located  under  a  hinged  access  door. 

6. 9. 3. 1.1. 2  It  Is  recommended  that  the  adjustment  control  poten¬ 
tiometers  used  to  acquire  zero  and  full  sceJ-e  readings  be  replaced 
so  that  a  small  movement  of  the  control  will  not  yield  the  present 
large  scale  movement  of  the  display.  Also,  the  potent icmeters 
should  be  more  stable  and  less  susceptible  to  shock. 

6. 9. 3. 1.1. 3  The  battery  access  door  should  be  enlarged  euid  labeled 
with  the  nomenclature  of  the  Items  accessible  through  It.  Also, 
the  access  door  should  be  hinged  for  better  accessibility.  Further, 
an  Instruction  sheet  should  be  attached  to  the  Inside  of  the  top 
cover  of  the  Translator-Power  Supply  Unit  providing  the  operator 
with  the  proper  procedures  and  frequency  of  performing  battery  emd 
calibration . 

6.9.3.I.I.U  All  units  and  parts  contained  in  the  AN/TM%-19  should 
be  properly  labeled  with  all  Identifying  information.  Also,  the 
various  peurts  do  not  contain  sufficient  electrical  characteristics 
for  proper  Identification.  Potentiometers,  switches,  synchros,  and 
other  large  cooqponents  are  among  those  deficient  In  this  area. 

6. 9. 3. 1.1. 5  For  additional  maintainability  iiqo'ovement,  each 
termlzial  should  be  labeled  with  the  same  code  symbol  as  the  wire 
to  be  attached  to  It.  The  labeling  on  each  terminal  as  well  as 
for  all  the  ccBq>onents  contained  In  the  equipment  should  be  In  view 
emd  not  hidden  by  \uilts  or  other  peurts .  Since  the  equipment  is  of 
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the  tactical  type,  and  subject  to  somewhat  severe  envlrcmaental 
conditions  and  hard  usage,  axl  labels  should  be  etched  or  embossed, 
particularly  in  the  case  of  the  mast  and  tripod  assembly. 

6.9.3*1*1*6  Provision  for  coded  wiring  is  necessary  if  downtime  is 
to  be  decreased.  At  present  it  is  very  difficult  to  trace  wiring 
through  the  harnesses. 

6.9.3- l*l*7  In  order  to  replace  and/or  use  hand  tools  on  many 
con5)onents  of  the  Treinslator-Power  Supply  Unit  it  is  necessary  in 
many  cases  to  remove  more  than  the  unit  in  need  of  repair  and/or 
replacement.  In  other  words,  parts  are  mounted  not  in  an  orderly 
array  on  a  "two-dimensional"  s\irface  but  are  "stacked"  one  on 
euiother.  This  is  a  serious  maintainability  problem  which  should 
be  avoided  to  the  greatest  extent  possible  in  the  production 
version. 

6.9.3- 1-1-8  All  parts  which  are  mounted  on  terminal  boards,  etc., 
shotild  be  mounted  on  one  surface  with  associated  wiring  on  the 
other  side , 

6.9.3- l*l-9  The  wind  direction  indicator  synchro,  as  received  from 
the  manufacturer,  has  a  small,  approximately  3/32  inch  diameter 
slotted  shaft.  For  use  in  the  wind  direction  indicator  a  threaded 
cap  approximately  6/32  inch  diameter  is  Installed  over  the  end  of 
the  shaft  to  allow  the  pointer  to  be  securely  attached.  This  cap 
must  be  press  fitted  onto  the  shaft,  thereby  requiring  the  iise  of 
special  tools  for  replacement  of  this  item.  It  is,  therefore, 
reccamnended  that  replacement  synchros  for  production  \anits  be 
ordered  with  this  cap  pre-assembled  for  ease  in  maintensmce . 

6.9.3*1*1*10  To  expedite  troubleshooting  equipment  malfunctions, 
it  is  necessary  that  test  points  be  provided  so  that  the  necessary 
measurements  can  be  made  at  critical  functional  stages .  For 
example,  at  the  power  supply  output,  regulator  output,  chopper 
output,  etc.  These  test  points  should  be  easily  accessible, 
preferably  clustered  in  one  location  and  not  impeded  by  other  parts 
of  the  equipment.  If  possible,  each  test  point  should  be  labeled 
with  the  In-tolerance  signal  or  tolerance  limits  which  should  be 
measwed,  along  with  the  designation  of  the  unit  providing  the 
signal  to  the  test  point. 

6.9.3«1-1*11  The  present  Translator-Power  Supply  Unit  contains 
many  wires  and  harnesses  which  can  be  pinched,  broken  by  the  cover, 
or  burned  by  a  soldering  iron.  Re-packaging  would  be  necessary  to 
eliminate  this  problem. 

6.9.3»1*1'12  For  proper  insertion  of  a  plug  into  its  receptacle, 
keying  of  plugs  and  receptacles  should  be  provided.  Each  plug 
should  also  be  coded  to  the  receptacle  to  which  it  is  to  be 
attached.  The  distance  separating  the  receptacles  from  one  another 
should  be  made  farther  apart  for  ee«e  in  Insertion  or  removal  of 
connectors . 
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6.9.3*1*1»13  For  ease  In  reading  the  wind  speed  and  wind  direction 
dials  under  had  lighting  conditions  provisions  for  edge-lighting 
are  desirable.  A  separate  switch  should  be  provided  so  that  the 
dials  can  be  lighted  only  when  necessary,  particuleurly  when  the 
Translator -Power  Supply  Unit  is  battery  operated. 


6. 9. 3. 1.2  Mast  and  Tripod  Assembly 

6. 9. 3. 1.2.1  Presently  the  receptacle  at  the  base  of  the  nast  is 
in  danger  of  becoming  submerged  in  mud  or  water  or  even  becoming 
frozen  in  the  ground  in  cold  climates .  To  eliminate  this  problem 
the  mast  base  should  be  raised  so  as  to  be  above  ground.  Also, 
rather  than  having  the  wire  which  runs  up  the  center  of  the  meist 
coil  up  when  the  mast  is  lowered  or  uncoil  when  the  mast  is  raised, 
a  hole  shovild  be  provided  at  the  mast  base  such  that  the  wire  can 
be  pvilled  through  and  coiled-up  by  hand.  This  type  arremgement 
decreases  the  possibility  of  this  tightly  coiled  wire  breaking  in 
the  mast  where  it  would  be  difficult  to  repair.  Also,  by  leaving 
this  cable  and  pltig  more  flexible  there  is  less  chance  of  personnel 
tripping  over  the  cable  £md  breaking  leads  in  the  plug  as  has 
occurred  during  the  test  period  (OTSsM  fj^l05,  and  I08) . 

6.9. 3. 1.2.2  For  ease  in  orienting  the  wind  direction  sensor  in  the 
North  direction,  jnrovlslons  should  be  provided  for  pinning  the 
mast  sections  prior  to  extending  the  mast.  A  compass  woiild  also 
be  necessary  for  proper  orientation.  To  be  sure  the  mast  section 
is  horizontal  a  level  should  be  provided  as  a  part  of  the  mast. 

For  installation  of  the  mast  assembly  on  rough  terrain  the  legs  of 
the  tripod  shoixld  be  made  adj\istable  in  length  and  much  more  rigid 
than  on  the  present  model.  In  the  event  the  tripod  legs  must  be 
set  in  muddy,  sandy  or  swampy  areas,  flat  plates  should  be  provided 
for  attachment  to  each  of  the  legs  for  increased  footing.  If  the 
ground  should  freeze  these  plates  need  not  be  retrieved. 

6. 9. 3. 1.2 .3  The  metal  vised  to  fabricate  the  mast  assembly  should 
be  homogeneous  throughout.  The  meteuL  must  be  non-corrosive,  non- 
brittle  and  rigid.  On  the  present  mast  assembly  the  mast  pin 
springs  nisted  badly  and  lost  their  holding  ability.  It  is  felt 
that  a  more  reliable  type  clanging  arrancement  is  necessary.  It 
is  also  lucrative  that  all  screws  on  the  mast  be  the  same  slse 
and  non-corrosive.  The  use  of  Allen  head  screws  should  be  avoided. 

6.9 •3*1 *2 .4  The  clang®  provided  for  securing  the  guy  wires  to  the 
mast  and  ground  stakes  are  Inadequate  in  that  they  tend  to  freeze 
up,  especially  sifter  getting  wet.  The  spiral  type  ground  stakes  are 
difficult  to  Install  especially  in  Arozen  or  ro<^  ground  and  cdso 
will  not  hold  in  swan^  or  seuidy  soil.  It  is,  therefore,  recom¬ 
mended  that  a  different  type  gu^ng  system  be  devised  idiich  can  be 
used  under  any  environmental  conditions. 


6.9-3-l«3  Cases 


6.9.3-l‘3>l  With  reference  to  the  air  and  watertight  cases  in 
which  the  AN/TMa-15  is  packaged  for  transportation,  the  following 
recommendations  are  presented: 

a.  The  present  fasteners  which  secure  the  lid  to  the  case  are 
extremely  difficult  to  snap  c^n  without  using  a  tool.  A 
fastener  with  a  handle  for  added  leverage  would  be  required 
or  another  type  fastener  used. 

b.  For  ease  in  carrying  the  AN/TMi-15  over  roiagh  terrain  it 
may  be  necessary  that  the  equipment  be  packaged  so  as  to  be 
contained  in  fom*  small  cases  (present  arrangement  of  2  cases 
is  extremely  heavy) .  Each  case  should  be  made  such  that  they 
are  not  top  heavy  -vdien  filled.  The  edges  of  the  lid  and  case 
should  be  rounded  to  prevent  injiuy  to  personnel. 

c.  To  be  sure  no  difficulty  is  encountered  in  opening  the  cases, 
a  sign  should  be  attached  next  to  the  valve  located  on  the 
case  side  reeuiing  "Open  Vent  Before  Opening  Case" .  If  a 
partial  vacuum  is  created  in  the  case  it  would  become  im¬ 
possible  to  open  without  first  opening  the  vent. 


6.9.^  Availability  (A) 

Since  an  expression  for  the  AN/TM^-15  Availability  cannot  be  stated 
utilizing  measured  MTBF  and  Tp  values,  the  following  assumptions  are  pre¬ 
sented  in  order  that  an  approximate  Availability  figure  can  be  derived. 

1.  The  inherent  Reliability  of  the  AN/TM3-15  is  assxamed  to  be  approxi¬ 
mately  3700  hoxirs,  based  on  the  analysis  performed  and  documented 

5  October  I962. 

2.  Utilizing  information  contained  in  Reference  (a),  the  time  aJJ-otted 
for  performance  of  preventive  maintenance  (Battery  replacement  and 
calibration  checks)  during  a  3J00  hours  period  would  amount  to 
approximately  5^  hours. 

3.  Approximately  5  hours  (5]))  would  be  required  to  repair  a  mal¬ 
function  depending  on  the  nature  of  the  failure. 

MTBF  (Hours)  Tp  (Hours)  A  (^) 

3700  59  98.4 

Depending  on  the  equipment  duty  cycle,  the  Tp  figure  presented  above  may 
be  pessimistic  in  that  preventive  maintenance  routines  may  be  perfomaed 
during  periods  when  wind  Information  is  not  critical.  Also,  a  re¬ 
engineered  version  of  the  equipment  should  result  in  a  ^  less  than  the 
figure  presented  above  in  assun^tlon  3. 


6.10  Summary  of  Human  Factor  Tests  on  the  Wind  Measuring  Set,  AN/TMa-15 

Human-factor  tests  were  conducted  in  accordsJice  with  Reference  (b),  aud  the 
results  are  tabulated  in  this  section. 

The  tests  indicate  that  the  equipment  is  adequate  for  use,  operation,  and 
maintenance  by  the  programmed  personnel  for  daytime  use;  hoirever,  there  is 
no  In-line  illumination  on  this  device  and  this  condition  limits  night-time 
use. 


6.10.1  Test  Objectives 

The  major  objective  of  the  HF  tests  was  to  determine  whether  the  wind- 
measinring  set  could  be  adequately  set  up,  used,  operated,  and  maintained 
by  programmed  personnel  as  outlined  in  Reference  ( c ) . 

The  specific  objectives  were  evaliiations  of  operator  performance  levels 
as  Influenced  by: 

a.  arrangement,  size  and  shape  of  controls 

b.  adequacy  of  display  indicators 

c.  applicability  of  operating  procedures 

d.  applicability  of  maintenance  procedures 


6.10.2  Test  Results 


6.10.2.1  Static  Human  Engineering  (HE)  Evaluation  of  Equipment  (j-206) 

A  static  HE  evaluation  of  the  TMi-15  was  performed.  The  equipment  was 
found  to  conform  to  good  HE  standards  except  where  noted  below: 

(a)  The  control  position  that  indicates  the  equipment  is  using 

110  Volt  power  is  labelled  "RBCT  12v  DC",  and  this  label  should 
be  changed  to  one  mcxre  meaningful  to  the  operator  such  as  "110  VI 

(b)  The  large  number  and  types  of  controls  are  tinnecessary .  There 
are  eight  different  operating  controls;  these  could  be  reduced 
to  four  of  the  rotary  type. 

(c)  The  wind-direction  display  reads  in  directional  Increments  (e.g., 
north,  south,  east,  west,  etc.)  and  this  is  not  compatible  with 
operatloned  requirements  outlined  in  Reference  (d)  which  call  b 
for  reaidlngs  of  wind  direction  to  the  nearest  ten  degrees.  The 
display  shoiild  be  graduated  in  ten  degree  Increments . 

(d)  The  wind  speed  and  direction  transducer  \uilts  are  interchangeable 
on  the  crossarm;  however,  the  cable  lengths  will  only  permit 
operation  of  the  transducers  in  one  arremgement.  The  transducers 

"  wd  the  crossarm  should  be  labelled  so  that  the  correct  arrange¬ 
ment  is  always  accomplished. 
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(e)  The  large  carrying  case  cover,  which  holds  the  wire,  can  only  be 
pleiced  on  the  case  in  one  way,  so  that  the  latches  ai-e  aligned. 
Labels  should  be  provided  \dilch  ensure  proper  orientation. 

(f)  The  rear  panel  connector-points  are  not  adeguatlely  labelled. 

Each  connector  receptacle  should  be  unanblguoiuly  labelled 
according  to  function. 

(g)  The  handles  of  the  large  carrying-case  are  designed  to  fit  flush 
with  the  case  when  disengaged.  When  engaged,  they  lift  to  a 
position  perpendiculEO*  to  the  case.  The  wel^t  of  the  case  makes 
It  Inqposslble  to  lift  in  an  Inverted  position  because  the  handles 
pinch  the  fingers  against  the  case.  However,  the  case  is  diffi¬ 
cult  to  carry  in  the  proper  orientation  due  to  the  weight  dis¬ 
tribution,  and  this  constitutes  a  hazard  to  personnel.  The 
carrying  case  weighs  apprcacimately  l8o  lbs.,  and  the  wire,  which 
constitutes  about  of  the  weight,  is  stored  in  the  top  of  the 
case.  Consequently,  when  the  case  is  lifted,  it  twists  out  of 
the  handler's  grasp,  and  the  case  is  either  dropped  or  injures 
the  handler's  wrist.  It  is  recommended  that  the  equipment  case 
be  redesigned  so  that  the  wire  is  stored  on  the  bottom,  or  that 

a  separate  case  be  provided  for  the  wire. 

(h)  The  larger  carrying  case  weighs  l8o  lbs.,  and,  as  indicated  in 
Reference  (e),  this  is  in  excess  of  the  maximum  carrying  weight 
of  90  lbs .  recommended  for  two  handlers . 

(1)  The  indicator  unit  has  no  provision  for  illtjmination  of  either 
displays  or  controls,  and  for  night  operation,  additional  light 
sources  will  be  reqtiired  if  built-in  illumination  is  not  provided. 


6 .10 . 3  Functional  Review 


6.10.3-1  Initial  Setup  of  the  Wind  Measuring  Set  (j-207) 

The  TM^-13  was  examined  in  an  operational  setting,  and  the  procedures 
and  time  requirements  for  setup  were  Euialyzed.  The  average  time  for 
setvq)  by  two  operators  was  20.3  minutes  which  is  satl8f6u:tory,  the 
setup  procedures  are  adequate;  however,  certain  equipment  design 
defects  that  required  inefficient  procedures  were  noted.  With  the  in¬ 
corporation  of  the  recommended  modifications.  It  is  estimated  that 
average  setup  time  would  decrease  to  about  10  minutes.  Those  design 
defects  and  recamnended  remedies  are; 

(a)  The  tumbuckles,  clamps,  and  hooks  were  rusted  sifter  short  usage 
in  the  field,  and  were  difficult  to  adjust.  Those  compixients 
should  be  replaced  by  units  constructed  of  rust-reslstemt 
materled . 

(b)  It  is  difficult  to  collapse  the  meist  cosq>letely  because  of 
excess  wire.  If  farced,  the  wire  is  in  dsuiger  of  being  severed. 
This  can  be  remedied  by  either  placing  the  wire  (si  the  exteziml 
s\irfeu:e  or  providing  a  procedure  for  periodically  retracting  the 
wire  SIS  the  mast  is  collapsed. 
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(c)  Fotir  different  fastening  tools  are  needed  for  equlpaent  asseoibly: 
two  dlffcrent-slzed  Allen  wrenches,  a  Phillips  screwdriver,  and 

a  standard  screwdriver.  Because  those  tools  edl  operate  on 
fasteners.  It  would  be  advisable  to  re-englneer  the  equipment  so 
that  all  fasteners  can  be  attached  with  one  standard  tool. 

(d)  The  cross -am  Is  difficult  to  attach  and  detach  because  the 
receptacle  Is  too  small.  This  should  be  remedied. 

(e)  The  latches  should  operate  more  easily,  or  should  be  replaced  by 
another  type. 

(f)  When  setting  up  the  mast.  It  Is  difficult  to  align  the  keys,  and. 
If  an  error  In  alignment  Is  made,  the  entire  mast  must  be  dis- 
eissembled.  This  could  be  remedied  by  grooving  the  mast  sections 
so  that  Insertion  would  only  be  possible  one  way. 

(g)  Once  the  North-South  arrow  Is  pointed  north,  there  Is  no  assureuace 
that  It  will  not  deviate  from  this  alignment  when  the  m8ist  Is 
raised.  This  can  be  remedied  by  the  modification  recommended  In 
(f)  above,  and  by  a  method  of  stabilizing  the  mast,  which  would. 
Insaore  no  rotation. 

(h)  When  the  ground  Is  hard,  the  screw  anchors  used  for  guying  the 
mast  assembly  cannot  be  Inserted  by  hand.  A  crowbar  or  com¬ 
parable  tool  shoaild  be  provided, 

(l)  The  receptacle  for  the  Indicator  axnlt  cable  Is  placed  too  low  on 
the  mast,  which  causes  difficulty  In  attachment.  The  receptacle 
should  be  placed  higher. 


6.10.3*2  Equipment  Operating  Procedures  (j-208) 

Equipment  operating  procedures  were  evaluiated  for  their  compliance  to 
HE  standards,  and  were  found  to  be  adeq\iate  except  where  noted  below; 

(a)  The  sequence  of  procedures  Is  adequate.  However,  there  Is  no 
provision  for  calibrating  wlnd-dlrer.tlon  reeulouts  In  the  field. 
This  could  be  remedied  by  a  simple  equipment  modification.  By 
attaching  a  ccmpeiss  to  the  meist,  prior  to  raising,  the  wind  vane 
could  be  sighted  accurately  on  North,  and  the  wind  direction 
Indicator  checked  and  adjusted.  If  necessary. 

(b)  The  wind-speed  check  Is  performed  with  the  scale  factor  at  100 
knots,  and  If  the  scale  feu:tor  Is  left  In  the  2^-knot  position, 
the  wind-speed  Indicator  could  be  damaged.  This  situation  could 
be  remedied  by  replacing  the  wlzid-speed  toggle  switch  with  a 
third  position  on  the  scede  factor  switch  labelled  "TEST*' . 

(c)  The  operator  Is  able  to  read  the  Indicators  ftom  a  viewing 
distance  of  approximately  six  feet  In  conditions  of  bright 
ambient  lUumlnatloi,  however,  the  equipment  Is  not  usable  at 
night  without  special  Heating. 
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6.10.3*3  Eqvdpoent  Malntenemce  Procedures  (j-209) 


The  equipment  and  available  procedures  were  examined  for  maintainability 
and  were  found  to  be  adequate.  However,  Information  about  maintenance 
procedures  W6is  Incomplete  and  additional  activities  may  show  the  pro¬ 
cedures  to  be  otherwise.  Inadeqxiate  characteristics  are  noted  below: 

(a)  Certain  test  points  smd  components  which  should  be  maintained 
periodically  are  inEu:cesslble . 

(b)  Battery  removed,  required  the  disconnection  of  four  screws.  A 
simple  latch  attachment  would  be  more  advisable. 

(c)  All  test  points  sure  not  adequately  labelled. 

(d)  In  order  to  perform  maintenance,  the  display/control  peuiel  must 
be  lifted.  This  panel  is  held  In  place  by  cam-lock  screws,  one 
of  which  Is  unfastened  by  hand,  and  the  remainder,  by  screwdriver. 
It  is  recommended  that  all  cam-lock  fasteners  be  operable  by  hand. 


6.11  Training  Requirements  (j-210) 


6.11.1  Operation 

Programmed  personnel  haw  the  proper  skill  level  to  perform  the  necessary 
operating  tasks,  and  additional  training  is  required  for  the  following 
tasks: 

(a)  Setup  sequence  -  If  the  proper  sequence  is  not  followed,  mast 
alignment  can  be  outside  the  directional  margin-of -error,  and 
wind  direction  readings  are  in  error. 


6.11.2  Maintenance 

As  pointed  out  In  paragraph  6.10.3.3^  complete  Information  on  malnteneuice 
requirements  Is  unavailable;  however,  it  weis  noted  that  programmed  main¬ 
tenance  personnel  would  require  addltioneO.  training  in  the  foUowii^g 
areas: 

(a)  Selsyn  maintenance  and  calibration  for  the  wind-speed  unit. 

(b)  Knowledge  of  transducer  operation  and  calibration. 
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APPENDIX  A 


References 

a.  Category  I  Test  Report,  Wind  Measuring  Set,  AN/TMli-15 

b .  Report  #E-15  Appendix  J,  Category  I  and  II  Test  Plan  for  Wind  Measuring 
Set,  AN/TM!i-15,  dated  8  August  1962 

c .  Preliminary  PED  and  QftPRI  Work  Sheets  for  the  433L  System,  September  9,  1962 

d.  Proposed  Format  for  Operational  Surface  Weather  Observations,  WSC  M-29, 
Janviary  I962 

e.  Human  Engineering  Criteria  for  Aircraft,  Missile,  and  Space  Systems,  Ground 
Support  Equipment,  MIL-STD-803,  November  1959 
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DATE _ k  Deceniber  1962 

SHEET  NO.  _ 1 

BATTERY  NO.  _ 37 

TEMP.  40°  at  start  of  test 
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f 

AN/GMa-11 
WIND  DIR 

WIND  SPEED 

AN/TMa-15 

WIND  DIR  WIND  SPEED 

REMARKS 
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MN 
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MN 
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8.0 
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7.0 

! 
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8.0 
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6.0 
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MN  Magnetic  North 
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r 
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SHEET  NO.  _ 2_ 
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TEMP. 

4o°  F  at  start  of  test 

[ 
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FIG.  11  (cont'd) 
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DATE _ $  December  1962 

SHEET  NO.  _ 3 

BATTERY  NO.  _ 37 

TEMP.  k2°  F  at  start  of  test 


an/gm^-h 
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FIG.  12  (cont'd) 
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AN/TMi-15 

TIME 

WIND  DIR 

WIND  SPEED 

WIND  DIR 

WIND  SPEED 

REMARKS 

EST 

Degrees 

Knots 

Degrees 

Knots 

MN 

MN 

1306.15 

061 

18.0 
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PIG. 


Static  Acciiracy  Test  of  Wind  Direction  Elements  (Prior  to  Correction) 

(Uniform  Rotation) 
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FIG.  15 


Static  Accuracy  Test  of  Wind  Direction  Element  (Prior  to  Correction) 

(Overshooting) 
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FIG.  16 

Static  Accviracy  Test  of  Wind  Direction  KLeoent  (Corrected) 

(Uniform  Rotation) 
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FIG.  17 

Wind  Direction  Static  Accuracy  Test  (Corrected) 

(Overshootlngs) 
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